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DESCRIPTION 
FIELD-EMISSION ELECTRON SOURCE 
TECHNICAL FIELD 

* The present invention relates to a cold cathode 

electron source which is sought after for use in applications 
such as electron-ray excited lasers, elements for a flat 
type display, and ultra-fast micro vacuum elements. More 
particularly, the present invention also relates to a 
semiconductor-applied field emission type electron source 
which can be integrated and requires a low voltage and a 
method for producing the same. 

BACKGROUND ART 

Semiconductor micro-processing technology has made 
progress so that a micro cold cathode structure can be 
constructed. This leads to vigorous development of vacuum 
micro electronics technology. Such a micro cold cathode 
structure obtained by this technology is thought to achieve 
a flat-type electron emission characteristic and a high 
level of current density. In particular, this micro cathode 
structure is therefore believed to serve as an electron 
source of a next -generation flat display. Further, the 
structure has an operating temperature in a range wider than 
that of a liquid crystal display mode such as a TFT-LCD. 
For this reason, such a cathode structure is thought to be 
useful in a display which is carried on vehicles and is 
required to be resistant to harsh environments. 



A reduction in operating voltage, a stable electron 
emission characteristic, a long life characteristic, and 
the like are required for these electron sources when used 
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for a flat display. In particular, the stable electron 
emission characteristic is directly involved in brightness 
which is basic to the performance of a display, regarded 
as an important technological target . 

To obtain this goal, a method in which a resistor 
layer is inserted inside the electron source, a method in 
which a constant -current circuit is incorporated into the 
electron source and the like have been proposed. 

Hereinafter, the configuration of a field emission 
cold cathode device described in Japanese Laid-Open 
Publication No. 8-87957 will be described with reference 
to Figures 8(a) and 8(b). This first conventional example 
adopts a principle such that a constant emitted electron 
flow amount of a field emission cathode element is obtained 
using the constant current characteristic of a field effect 
transistor (FET) . Figure 8(a) is a cross -sectional view of 
a part of a silicon substrate on which a field emission 
cathode element and a FET are provided. Figure 8(b) is a 
circuit configuration diagram showing an electrical 
equivalent circuit of the part including the field emission 
cathode element . 

In Figures 8(a) and 8(b), reference numeral 810 
denotes a field effect transistor (FET) ; 801 a p-type silicon 
substrate; 802 a first n-type layer which serves as the 
source of the FET 810; 803 a cone-shaped emitter of the field 
emission cathode element; 804' a part of an isolating layer 
(Si0 2 layer) 804, the part functioning as a gate isolating 
layer of the field emission cathode element; 805 a gate 
layer of the field emission cathode element; 806 a second 
n-type layer which serves as the drain of the FET 810; 807 
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the source electrode of the FET 810; 808 the gate electrode 
of the FET 810; 809 the anode of the field emission cathode 
element; 811 a source resistor; 812 a gate voltage source 
(voltage value Vg); 813 an anode voltage source (voltage 
5 value Va); and 814 a gate-to-source control voltage source 
(voltage value Vgs ) . 

As shown in Figure 8(b) , the field emission cathode 
element has a structure of a triode including the anode 
10 (A) 809, the gate (G) 805, and the emitter (E) 803. The 
drain- source path and source resistor 811 of the FET 810 
are connected in series between the emitter (E) 803 and the 
ground . 

15 In this triode, the anode (A) 809 is connected to 

the anode voltage source 813 which generates the anode 
voltage Va. The gate (G) 805 is connected to the gate 
voltage source 812 which generates a fixed gate voltage Vg. 
In the FET 810, the gate 808 is connected to the gate- 

20 to-source control voltage source 814 which generates a 
variable gate-to-source control voltage Vgs. 

In the field emission cathode element for use in a 
field emission cathode device, a predetermined anode 

25 voltage Va and a predetermined gate voltage Vg are applied 
to the anode 809 and the gate 805, respectively. When a 
predetermined value of gate-to-source voltage Vgs is then 
applied to the gate 808 of the FET 810, emitted electron 
flow is generated from the emitter 803 without heating the 

30 emitter 803. In this case, the amount of the emitted 
electron flow by the field emission cathode element is not 
controlled by the fixed gate voltage Vg applied to the 
gate 805, but is controlled by the variable gate- to- source 
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control voltage Vgs applied to the gate 808 of the FET 810 
connected to the emitter 803. In other words, an 
appropriate gate-to-source control voltage Vgs applied to 
the gate 808 of the FET 810 allows the FET 810 to operate 
5 in a constant current region. 

As described above, the amount of the emitted 
electron flow from the emitter caused by field emission is 
determined by a characteristic of the FET which is connected 

10 in series to the emitter and has a function of supplying 
electrons which will be emitted. Therefore, optimization 
of the FET design allows predetermination of the operating 
conditions and field emission electron flow amount of the 
FET. In particular, when the field emission is performed 

15 in the saturated operating region of the FET, the field 
emission is free from factors of instability of the emitter 
itself. As a result, an extremely stable and accurately 
controlled field emission current amount can be obtained. 

20 Among specifications required for a cold cathode is 

a high definition which is a very important factor for a 
display application. In general, in the case of a micro- 
chip-type cold cathode structure, the emitter emits 
electrons at a predetermined divergent angle. This is 

25 likely to be detrimental. A structure using a focus 
electrode has been proposed to provide a means for preventing 
the divergence of an electron path. Figure 9 shows a 
configuration example of an FED using such a structure, as 
a second conventional example, which is disclosed in 

30 Japanese Laid-Open Publication No. 10-74473. 



In this FED, a second gate electrode (focus elec- 
trode) is formed for each emitter. This gate electrode 
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receives a potential which is negative relative to a first 
gate electrode (extraction gate electrode) so as to converge 
electrons emitted from the emitter. 

5 In other words, in Figure 9, reference numeral 91 

denotes an insulating layer. An insulating layer 93 is 
further provided on a gate electrode (extraction elec- 
trode) 92. On the insulating layer 93 a second gate 
electrode (focus electrode) 94 which has a round opening 

10 portion is provided. In this conventional example, the 
second gate electrode (focus electrode) 94 is provided in 
such a manner as to surround each emitter 95. This second 
gate electrode (focus electrode) 94 is set to a potential 
lower than the first gate electrode (extraction gate 

15 electrode) 92 so that electrons emitted from the emitter 
are affected by a lens action having a convergence effect. 
This causes the electron beam paths to converge. 

However, the field emission type cathode element of 
20 the above -described first conventional example can control 
the field emission current to be stable for a short time 
period. In some operating condition, the stability is not 
secured for a long time period. 

25 Further, whereas the field emission type display 

device of the second conventional example has a function 
of converging electron beams, the amount of electrons 
emitted from the emitter is adversely reduced. 

30 DISCLOSURE OF THE INVENTION 

The present invention is provided to solve the 
above -de scribed problems . Objectives of this invention are 
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as follows: (1) to obtain a field emission type electron 
source structure which achieves highly reliable operation 
required for next -generation displays; ( 2 ) to obtain a field 
emission type electron source structure which achieves high 
5 density and stable operation for high definition; and (3) 
to obtain a field emission type electron source structure 
having a beam convergence action which allows higher 
definition for a display application. 

10 According to one aspect of the present invention , 

a field emission type electron source device includes a field 
emission electron source portion including an extraction 
electrode provided on a p-type silicon substrate via an 
insulating film and having an opening portion at a position 

15 corresponding to a region where a cathode is provided; and 
a cathode portion provided on the p-type silicon substrate 
and at a position corresponding to the opening portion of 
the extraction electrode; and an n-channel field effect 
transistor portion provided on the p-type silicon substrate , 

20 corresponding to the field emission electron source portion . 

The field emission electron source portion is provided in 
a drain region of the field effect transistor portion; and 
a control voltage is applied to a gate electrode of the field 
effect transistor portion to control a field emission 

25 current from the field emission electron source portion. 
The drain region includes at least two wells having different 
impurity concentrations . Of the at least two wells , one well 
having a low impurity concentration is provided at an end 
of the drain region which contacts a channel region of the 

30 field effect transistor portion. 

For example, as the impurity elements the drain 
region may include at least two n-type impurity elements 
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having different thermal diffusion speeds in the silicon 
substrate. 

In one embodiment, as the impurity elements, the 
5 drain region includes phosphorous, having a fast thermal 
diffusion speed and arsenic, having a slow thermal diffusion 
speed in the silicon substrate. 

According to another aspect of the present invention, 

10 a field emission type electron source device includes a field 
emission electron source portion including an extraction 
electrode provided on a p-type silicon substrate via an 
insulating film and having an opening portion at a position 
corresponding to a region where a cathode is provided; and 

15 a cathode portion provided on the p-type silicon substrate 
and at a position corresponding to the opening portion of 
the extraction electrode; and an n- channel field effect 
transistor portion provided on the p-type silicon substrate, 
corresponding to the field emission electron source portion . 

20 The field emission electron source portion is provided in 
a drain region of the field effect transistor portion. A 
control voltage is applied to a gate electrode of the field 
effect transistor portion to control a field emission 
current from the field emission electron source portion. 

25 The gate electrode of the field effect transistor portion 
has a shape including portions having at least two different 
gate widths; and a part of the gate electrode is provided 
in such a manner as to cover an end of the drain region. 

30 According to further another aspect of the present 

invention, a field emission type electron source device 
includes a field emission electron source portion including 
an extraction electrode provided on a p-type silicon 
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substrate via a first insulating film and having an opening 
portion at a position corresponding to a region where a 
cathode is provided; and a cathode portion provided on the 
p-type silicon substrate and at a position corresponding 
5 to the opening portion of the extraction electrode; and an 
n- channel field effect transistor portion provided on the 
p-type silicon substrate, corresponding to the field 
emission electron source portion. The field emission 
electron source portion is provided in a drain region of 

10 the field effect transistor portion; and a control voltage 
is applied to a gate electrode of the field effect transistor 
portion to control a field emission current from the field 
emission electron source portion. A gate insulating film 
is provided between the gate electrode of the field effect 

15 transistor and the p-type silicon substrate. The gate 
insulating film includes a film thinner than the first 
insulating film, the first insulating film being provided 
between the extraction electrode and the p-type silicon 
substrate . The gate insulating film is buried with the first 

20 insulating film. 

The gate insulating film may include a thermally 
oxidized silicon film, provided by a step of thermal 
oxidization for sharpening treatment for sharpening a tip 
25 of the cathode portion of the field emission electron source 
portion . 

According to still another aspect of the present 
invention, a field emission type electron source device 
30 includes a field emission electron source portion including 
an extraction electrode provided on a p-type silicon 
substrate via an insulating film and having an opening 
portion at a position corresponding to a region where a 
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cathode is provided; and a cathode portion provided on the 
p-type silicon substrate and at a position corresponding 
to the opening portion of the extraction electrode; and an 
n-channel field effect transistor portion provided on the 
p-type silicon substrate, corresponding to the field 
emission electron source portion. The field emission 
electron source portion is provided in a drain region of 
the field effect transistor portion. A control voltage is 
applied to a gate electrode of the field effect transistor 
portion to control a field emission current from the field 
emission electron source portion. The field emission type 
electron source device further includes a shield electrode 
made of the same material of that of the gate electrode of 
the field effect transistor portion, and the shield 
electrode is provided in such a manner as to cover a channel 
region of the field effect transistor which is not covered 
with the gate electrode. 

Preferably, the shield electrode is held at the same 
potential as that of the p-type silicon substrate, and the 
shield electrode has a function of blocking an external field, 
which is not caused by the gate electrode, from affecting 
the channel region. 

According to still another aspect of the present 
invention, a field emission type electron source device 
includes a field emission electron source portion including 
an extraction electrode provided on a p-type silicon 
substrate via an insulating film and having an opening 
portion at a position corresponding to a region where a 
cathode is provided; and a cathode portion provided on the 
p-type silicon substrate and at a position corresponding 
to the opening portion of the extraction electrode; and an 
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n-channel field effect transistor portion provided on the 
p-type silicon substrate, corresponding to the field 
emission electron source portion. The field emission 
electron source portion is provided in a drain region of 
5 the field effect transistor portion. A control voltage is 
applied to a gate electrode of the field effect transistor 
portion to control a field emission current from the field 
emission electron source portion. The drain region of the 
field effect transistor portion is provided in a source 
10 region of the field effect transistor portion in such a way 
to be surrounded by the source region. The gate electrode 
of the field effect transistor portion is positioned 
symmetrical in a plane with respect to the cathode of the 
field emission electron source portion. 

15 

For example, the drain region includes a p-type 
conductive layer. 

An outer portion of the drain region may contact the 
20 channel region of the field effect transistor portion. The 
outer region of the drain region and an inner portion of 
the source region may have a shape of concentric circles . 

At least a part of the gate electrode provided 
25 between the source region and the drain region may have a 
shape of a symmetrical circular arc. 

For example, first voltage Vex applied to the 
extraction electrode of the field emission electron source 
30 portion and second voltage Vg applied to the gate electrode 
of the field effect transistor portion have a relationship 
such that Vg<Vex. 
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According to this invention, the drain end of the 
FET, into which high field intensity is concentrated, 
includes a well having a low impurity concentration. As a 
result, extreme concentration of fields can be relaxed. 
5 Therefore, reliability of device operation can be 
significantly improved. 



At least two n-type impurity elements having 
different thermal diffusion speeds in the silicon substrate 
10 are used as impurity elements in the drain region, thereby 
easily obtaining at least two n-type wells utilizing the 
difference in thermal diffusion speed. 



When phosphorous having a fast thermal diffusion 
speed and arsenic having a slow thermal diffusion speed are 
used as the impurity elements, an n-negative well having 
a low impurity concentration and an n-positive well having 
a high impurity concentration can be easily provided. 

According to this invention, in the field emission 
type electron source device, a part of the channel gate 
electrode covers the drain end region, thereby allowing a 
drain current flowing from the source to the drain to be 
diffused in the drain end region. As a result, current 
density can be reduced. 



According to this invention, in the field emission 
type electron source device, the thick insulating film for 
the extraction electrode requiring a high level of applied 
30 voltage and an insulating film for the field effect 
transistor in which a thin insulating film is required for 
low-voltage drive can be separated in terms of function. 
Further, the gate insulating film is buried by an insulating 
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film, thereby making it possible to provide multilayer 
wiring. Accordingly , wiring for matrix drive can be easily 
provided . 

When the gate insulating film is made of a thermally 
oxidized silicon film provided by thermal oxidization for 
sharpening the tip of the cathode of the field emission 
electron source portion, a thermal oxidization film having 
a high-quality which is accurately controlled is obtained. 
Therefore, a high level of reliability can be obtained, and 
the control of the FET can be carried out in high precision. 

Further, according to this invention, in the field 
emission type electron source device, when the channel 
region of the field effect transistor portion is covered 
with the shield electrode, influences of an external field 
can be blocked. When the shield electrode is made of the 
same material as that of the gate electrode, a wiring step 
is simplified. 

When an additional structure is provided such that 
the shield electrode is held at the same potential as that 
of the p-type silicon substrate so that influences of 
external fields other than that of the gate electrode can 
be blocked, the shield electrode is held at the same 
potential as that of the p-type silicon substrate so that 
the shield function against the external field can be 
secured. 



30 According to this invention, in the field emission 

type electron source device, electrodes such as the gate 
electrode can be symmetrical in a plane with respect to the 
center of the drain, thereby easily obtaining convergence 
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of electrons. 

Furthermore, according to this invention, the step 
of doping an impurity into the drain region by ion injection 
5 can be simplified, thereby reducing manufacturing cost and 
preventing variation in a shape of the cathode due to the 
injection of ions to the cathode. 

The outer portion of the drain and the inner portion 
10 of the source, both contacting the channel region of the 
field effect transistor portion, have a shape of a concentric 
circle. Therefore, uniform injection of carriers from the 
source region to the drain region can be obtained, thereby 
achieving a satisfactory characteristic of a transistor. 

15 

At least a part of the gate electrode, which is used 
to control the channel region, is provided between the source 
region and the drain region and has a shape of a symmetrical 
circular arc. Therefore, the shape of the electrode for 
20 convergence is symmetrical around the drain, thereby 
obtaining more uniform convergence. 

The first voltage (Vex) applied to the extraction 
electrode of the field emission electron source portion and 
25 the second voltage (Vg) applied to the gate electrode of 
the field effect transistor portion have a relationship such 
that Vg<Vex. Therefore, convergence of electrons can be 
secured . 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1(a) and 1(b) are cross -sectional and plan 
views diagrammatically illustrating a configuration of a 
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field emission type electron source device according to 
Example 1 of the present invention, respectively. Fig- 
ure 1(a) is a cross- sectional view taken along line I- 1 of 
Figure 1(b). 

5 

Figures 2(a) and 2(b) are cross- sectional and plan 
views diagrammatically illustrating a configuration of a 
field emission type electron source device according to 
Example 2 of the present invention, respectively. Fig- 
10 ure 2(a) is a cross -sectional view taken along line I -I of 
Figure 2(b) . 

Figure 3 is a cross -sectional view diagrammatically 
illustrating a configuration of a field emission type 
15 electron source device according to Example 3 of the present 
invention . 

Figures 4(a) and 4(b) are cross-sectional and plan 
views diagrammatically illustrating a configuration of a 
20 field emission type electron source device according to 
Example 4 of the present invention, respectively. Fig- 
ure 4(a) is a cross -sectional view taken along line I-I of 
Figure 4(b). 

25 Figures 5(a) and 5(b) are cross-sectional and plan 

views diagrammatically illustrating a configuration of a 
field emission type electron source device according to 
Example 5 of the present invention, respectively. Fig- 
ure 5(a) is a cross-sectional view taken along line I-I of 

30 Figure 5(b) . 

Figures 6(a) and 6(b) are cross -sectional and plan 
views diagrammatically illustrating a configuration of a 
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field emission type electron source device according to 
Example 6 of the present invention, respectively- Fig- 
ure 6(a) is a cross -sectional view taken along line I- 1 of 
Figure 6(b) . 

Figures 7(a) and 7(b) are cross-sectional and plan 
views diagrammatically illustrating a configuration of a 
field emission type electron source device according to 
Example 7 of the present invention, respectively. Fig- 
ure 7(a) is a cross -sectional view taken along line I- 1 of 
Figure 7(b) . 

Figure 8(a) is a cross -sectional view 
diagrammatically illustrating a configuration of a 
conventional field emission type electron source device. 
Figure 8(b) is an equivalent circuit diagram to a structure 
of 8(a). 

Figure 9 is a cross-sectional view diagrammatically 
illustrating a configuration of a conventional field 
emission type electron source device. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Before embodiments of the present invention are 
specifically described, we discuss the results of a study 
by the inventor which is directed to problems with the 
conventional field emission type electron source device. 
It should be noted that the problems with the conventional 
technology described below is not conventionally recognized 
in the art . 



Initially, a first problem with the conventional 
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example will be described. 

In the structure shown in Figure 8(a), while the 
gate-to-source control voltage Vgs is appropriately ap- 
plied to the gate 808, i.e., the channel gate of the FET 
is opened, the gate voltage Vg is applied to the gate 805. 
In this case, the gate voltage Vg of a given level or more 
causes generation of field emission from a tip of the emitter . 
Field emission electrons flow from the emitter tip to the 
anode 809. At this point, since the channel resistance of 
the FET is sufficiently high, the potential of the drain 
is increased depending on amount of the field emission 
current . 

This drain potential mainly depends on the product 
of the channel resistance which is a design parameter of 
the FET and the field emission current which is an operating 
condition. The field emission current is set depending on 
the desired brightness of an FED panel. Typically, the 
amount is set to around 1 [xA per pixel. Further, when it 
is assumed that elements in a typical FET having a power 
source voltage of around 3.5 V have micro dimensions of the 
order of microns, the drain potential is increased to several 
volts or more, which has been experimentally demonstrated. 
To design a FET having a low operating voltage, a higher 
channel resistance is required . To increase the brightness , 
an increased field emission electron flow amount is required. 
These things further increase the drain potential. 

The study by the inventors has demonstrated that the 
increased drain potential as described above causes several 
problems with the operation of the field emission type 
electron source device. Among the problems is the hot 
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electron phenomenon. 

When the FET is operated for a long time under a 
condition that the potential between the source and the drain 
5 exceeds a silicon bandgap energy of 1.1 eV, there occurs 
a phenomenon such that electrons accelerated by a field 
between the source and the drain are injected into a gate 
insulating film interface in the vicinity of the drain. The 
injected electrons remain in the vicinity of the gate 
10 insulating film, causing an action which cancels the gate 
voltage, or creating an interface level in the gate 
insulating film interface which generates a leak current 
via the gate insulating film. Thus, the injected electrons 
causes a variety of degradation of the FET performance. 

15 

Furthermore, the inventors have found that the 
impact ionization phenomenon is a factor which causes a 
change in a characteristic of the FET. 

20 In other words, when the source-to-drain potential 

is an extremely high level of 10 V or more by applying a 
voltage to the extraction electrode, highly accelerated 
electrons have great kinetic energy in an average free path. 
When the electrons having such great kinetic energy are 

25 scattered, a pair of a hole and an electron are generated. 
Carriers thus generated in turn generate new carriers one 
after another. This is called as "avalanche multiplication 
phenomenon" which causes an extremely great change (in- 
crease ) in current . This may eventually lead to destruction 

30 of the FET. 

The above-described degradation of the 
characteristics of the FET due to the hot electrons, the 
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above- described FET characteristic change and element 
destruction, and the like due to the impact ionization are 
significant failures to prevent a long-term reliable 
operation of a device. These are significant problems in 
5 an attempt to obtain low-voltage operation and an increased 
scale of integration. 

On the other hand, there exists a phenomenon in the 
vicinity of a FET element such that the characteristics of 
10 the FET are changed by influence of a high level of external 
field. 

To generate field emission from the emitter tip of 
the field emission cathode element, the gate voltage Vg of 
several tens of volts or more typically needs to be applied 
to the gate. In this case, FET elements corresponding to 
the field emission cathode elements may be integrated in 
high density so as to achieve a display having a high 
definition. This causes the gate and the channel portion 
of the FET to be close to each other, so that a field by 
a high gate voltage is likely to affect the channel portion 
of the FET. In this case, the channel resistance is 
apparently decreased due to the above -described external 
field. This causes an increase in the field emission 
electron flow amount which is initially stably controlled 
by the source-to-gate voltage Vsg of the FET. The higher 
the gate voltage Vg and the lower the source-to-gate 
voltage Vgs and the higher the packing density of elements, 
the further the risk of being affected by the external field. 
The adverse increase of the field emission electron flow 
amount due to the external field is also a factor of 
interfering with stable control for a emission current, and 
is therefore an obstacle to an attempt for practical use. 



CP 

m 
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Next, problems with the second conventional example 
will be described. 

When a negative potential relative to the first gate 
electrode 92 is applied to the second gate electrode 94, 
this negative potential acts on not only electrons emitted 
from the emitter but also an extraction field of the emitter 
tip. In the case where the emitter has an extraction 
electrode having an aperture diameter of about 1 \im, a 
typical potential of around 60 V needs to be applied to the 
first gate electrode 92 in order to obtain sufficient field 
emission . 

To enhance the electron beam convergence effect, a 
relatively low negative potential needs to be applied to 
the second gate electrode 94. It has been experimentally 
demonstrated that an applied voltage of around 10 V allows 
sufficient convergence. However, the inventors have found 
that under such a convergence condition the amount of 
electrons simultaneously emitted from the emitter is de- 
creased by a factor of several-fold. 

As described above, in the structure of the second 
conventional example, the potential applied to the second 
gate electrode 94 cancels the strength of the field of the 
emitter tip which is generated by the first gate electrode 92 . 
As a result , the field intensity is weakened and the electron 
emission amount is reduced. The structure of the conven- 
tional example has a trade-off between the convergence and 
the electron emission amount. It has been found that there 
is an essential problem that sufficient convergence is not 
carried out while maintaining a sufficient electron emission 
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amount . 

Hereinafter, several concrete embodiments of the 
present invention which have been achieved in view of the 
above -described study results on the conventional 
technology will be described with reference to the 
accompanying drawings . 

( Example 1 ) 

Hereinafter, a structure of a field emission type 
electron source device according to Example 1 of this 
invention will be described with reference to Figures 1(a) 
and 1(b). Figures 1(a) and 1(b) are cross-sectional and 
plan views of the field emission type electron source device 
of this example, respectively. Figure 1(a) shows a 
cross -sectional structure shown in Figure 1(b) taken along 
line I-I. 

In the structure of this example, reference nu- 
meral 1 denotes a p-type silicon substrate; 2, a first n-type 
semiconductor conductive portion which is a source region 
of an element operating as a field effect transistor (FET) ; 
3, a second n-type semiconductor conductive portion with 
a high impurity concentration which is a drain region of 
the FET; 4, a third n-type semiconductor conductive portion 
with a low impurity concentration which is a drain region 
of the FET; 5, a cathode operating as a field emission type 
electron source having a shape of a tower which is circular 
in cross section; 6, an insulating layer of silicon oxide 
film which functions as a gate insulating film of the field 
emission type electron source and the FET; 7, an extraction 
electrode for operation of the field emission type electron 
source; 8, a gate electrode for controlling the channel 
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region of the FET; and 9, a source electrode for the FET. 

As shown in Figures 1(a) and 1(b), in the field 
emission type electron source device of this example, the 
5 first n-type semiconductor conductive portion 2, serving 
as a source of the FET and the second n-type semiconductor 
conductive portion 3, serving as a drain, are formed at a 
given distance from each other on a part of one major surface 
of the p-type silicon substrate 1. Further, the third 
10 n-type semiconductor conductive portion 4, having a low 
impurity concentration, is selectively formed at a position 
such that the portion 4 surrounds the circumference of the 
second n-type semiconductor conductive portion 3. 

15 In this case, phosphorus, which has a fast rate of 

thermal diffusion in a silicon substrate, is used as an 
n-type impurity element for forming the second n-type 
semiconductor conductive portion 3. Arsenic, which has a 
slow rate of thermal diffusion in a silicon substrate, is 

20 used as an n-type impurity element for forming the third 
n-type semiconductor conductive portion 4. This allows 
formation of the above- described well structure having 
different impurity concentrations in a self -aligned, simple 
and accurate manner. Here a principle in which impurity 

25 profile varies due to a difference between thermal diffusion 
rates is applied to a process where two or more different 
element ions are optimally injected using the same mask 
before thermal treatment . In other words , an element having 
a fast thermal diffusion rate (phosphorous etc.) is 

30 redistributed more deeply and more widely from an impurity 
profile which is originally formed by the injection than 
an element having a slow thermal diffusion rate (arsenic 
etc. ) . 
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The cathode 5 having a shape of a tower which is 
circular in cross section is formed on a surface of the second 
n-type semiconductor conductive portion 3 which is a drain. 
5 A tip portion of the tower- shaped cathode 5 of silicon has 
a micro tip structure portion being on the order of 
nanometers which is formed with a sharpening process using 
thermal oxidization. The conductive extraction elec- 
trode 7 is formed close to the cathode 5 via the insulating 

10 film 6 made of silicon oxide film which has a circular 
opening. The gate electrode 8 for the FET is formed on the 
insulating film 6 and in a channel region which is positioned 
between the first n-type semiconductor conductive portion 2 
serving as a source and the second and third n-type 

15 semiconductor conductive portions 3 and 4 serving as a drain . 
Further, the source electrode 9 is formed via a contact 
window on the n-type semiconductor conductive portion 2 
which is a source. 

20 The operation of the field emission type electron 

source device of this example having the above-described 
structure will be described below. 

The p-type silicon substrate 1 and the first n-type 
25 semiconductor conductive portion 2 which is a source region 
are connected to the ground. A positive voltage Vex is 
applied to the extraction electrode 7. Further, a prede- 
termined voltage Vg is applied to the gate electrode 8 of 
the FET, so that a channel region under the gate electrode 8 
30 is opened. In this state, electron carriers are ready to 
be injected from the source toward the drain. In this state, 
the positive voltage Vex is applied to the extraction 
electrode 7. The field emission electron source has a gate 
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aperture diameter of the order of submicrons and a cathode 
tip portion of the order of nanometers . In the field 
emission electron source, a typical applied voltage of 
several tens of volts causes electrons to start field 
5 emission from the tip of the cathode 5. The emitted 
electrons move toward an anode plate opposed to the p-type 
silicon substrate 1 while being accelerated. The anode 
plate is not shown in Figures 1(a) and 1(b) . 

10 In this case, the emission amount of the electron 

flow emitted from the cathode 5 is not controlled by the 
fixed gate voltage Vex applied to the extraction electrode 7, 
but is controlled by the variable gate- to- source control 
voltage Vg applied to the gate electrode 8 of the FET 

15 connected to the cathode 5. In other words, the FET is 
operated in a constant current region by appropriately 
determining the gate- to- source control voltage Vg applied 
to the gate electrode 8 thereof. Thus, the emission amount 
of the electron flow field-emitted from the cathode 5 is 

20 determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 

25 emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 

30 electron flow amount can be obtained. 

Here, functions of the third n-type semiconductor 
conductive portion 4 will be described in detail. 
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A feature of the drain structure of this example is 
to adopt a plurality of drain-well structures (so-called 
twin-well structure) having two or more impurity 
5 concentrations. A field-emitted electron flow is provided 
basically from a source of the FET. Since a channel region 
between the source and the drain has a high resistance, the 
drain potential is increased according to this electron flow 
emission amount, i.e. , channel current amount. In the case 

10 of a FET which is formed in a submicron process and operates 
at a power source voltage of around 3.5 V, assuming that 
the channel current is around one microampere, it has been 
experimentally found that the drain potential reaches 
several volts or more. Electrons which have been injected 

15 from the source are accelerated by a field in the channel 
generated by the drain potential, thereby being injected 
to the drain. 

However, a uniform channel field is not generated 
20 in the channel region, but a channel field is concentrated 
in the vicinity of the drain and on a surface of the silicon 
substrate. As a result, electrons running in the channel 
are caused by a high level of field existing in the vicinity 
of the drain to acquire a high level of energy (hot electrons ) . 
25 The higher energy the hot electrons have, the greater the 
field intensity in the vicinity of the drain. The high- 
energy hot electrons are likely to cause various problems 
such as an increase in threshold voltage for performing an 
ON /OFF control of the FET or a decrease in drain current. 

30 

On the other hand, when the third n-type 
semiconductor conductive portion 4 is disposed at an end 
of the drain, it is possible to prevent degradation of the 
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FET performance due to the above -described hot electrons. 

Since the drain typically has a high impurity 
concentration, a pn junction at an end of the drain is almost 
5 abrupt junction. However, as described in this example, the 
n-type semiconductor conductive portion 4 having a low 
impurity concentration is provided around the n-type 
semiconductor conductive portion 3 having a high impurity 
concentration of the drain. This allows a gradual pn 
10 junction at the drain end, resulting in relaxation of the 
concentration of field at the drain end. This effect removes 
the factor that the hot electrons degrade the FET performance, 
securing extremely stable device operation for a long time. 
Device reliability is thus significantly improved. 

15 

Note that, in the description of this example, a 
tower shape is an example of the shape of the cathode 5. 
The same effects may be obtained with a conventional 
cone- type cathode shape. Although the p-type silicon 
20 substrate is processed to form the cathode 5 in this example, 
conventional metal material (having a high melting point, 
such as molybdenum and tungsten) or carbon material (diamond, 
graphite, diamond- like carbon etc.) may be used to obtain 
the same effects. 

25 

(Example 2) 

Hereinafter, a structure of a field emission type 
electron source device according to Example 2 of this 
invention will be described with reference to Figures 2(a) 
30 and 2(b). Figures 2(a) and 2(b) are cross -sectional and 
plan views of the field emission type electron source device 
of this example, respectively. Figure 2(a) shows a 
cross- sectional structure shown in Figure 2(b) taken along 
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line I-I. 

In the structure of this example, reference nu- 
meral 1 denotes a p- type silicon substrate; 2, a first n-type 
5 semiconductor conductive portion which is a source region 
of an element operating as a field effect transistor (FET); 
3, a second n-type semiconductor conductive portion with 
a high impurity concentration which is a drain region of 
the FET; 4, a third n-type semiconductor conductive portion 

10 with a low impurity concentration which is a drain region 
of the FET; 5, a cathode operating as a field emission type 
electron source having a shape of a tower which is circular 
in cross section; 6, an insulating layer of silicon oxide 
film which functions as a gate insulating film of the field 

15 emission type electron source and the FET; 7, an extraction 
electrode for operation of the field emission type electron 
source; 8T, a T-shaped gate electrode for controlling the 
channel region of the FET; and 9, a source electrode for 
the FET. 

20 

As shown in Figures 2(a) and 2(b), in the field 
emission type electron source device of this example, the 
n-type semiconductor conductive portion 2 serving as a 
source of the FET and the second n-type semiconductor 

25 conductive portion 3 serving as a drain are formed on a part 
of one major surface of the p-type silicon substrate 1. 
Further, the third n-type semiconductor conductive por- 
tion 4 having a low impurity concentration is selectively 
formed at a position such that the portion 4 surrounds the 

30 circumference of the second n-type semiconductor conductive 
portion 3 . 



The cathode 5 having a shape of a tower which is 
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circular in cross section is formed on a surface of the n-type 
semiconductor conductive portion 3 which is a drain. A tip 
portion of the tower- shaped cathode 5 of silicon has a micro 
tip structure portion being on the order of nanometers which 
is formed with a sharpening process using thermal 
oxidization. The conductive extraction electrode 7 is 
formed close to the cathode 5 via the insulating film 6 made 
of silicon oxide film which has a circular opening. The gate 
electrode 8T for the FET is formed on the insulating film 6 
and in a channel region which is positioned between the 
n-type semiconductor conductive portion 2 serving as a 
source and the n-type semiconductor conductive portions 3 
and 4 serving as a drain . As is different from a conventional 
gate electrode structure having a single width, this gate 
electrode 8T has a plurality (two or more) of gate widths 
(so-called T-shaped gate structure). A part of the gate 
electrode 8T is provided in such a manner as to cover a 
surface of the n-type semiconductor conductive portion 4 
having a low impurity concentration positioned in the 
channel region of the FET and at the drain end. Further, 
the source electrode 9 is formed via a contact window on 
the n-type semiconductor conductive portion 2 which is a 
source . 

The operation of the field emission type electron 
source device of this example having the above-described 
structure will be described below. 

The p-type silicon substrate 1 and the n-type 
semiconductor conductive portion 2 which is a source are 
connected to the ground. A positive voltage Vex is applied 
to the extraction electrode 7. Further, a predetermined 
voltage Vg is applied to the gate electrode 8T of the FET, 
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so that a channel region under the gate electrode 8T is 
opened. In this state, electron carriers are ready to be 
injected from the source toward the drain. In this state, 
the positive voltage Vex is applied to the extraction 
5 electrode 7. The field emission electron source has a gate 
aperture diameter of the order of submicrons and a cathode 
tip portion of the order of nanometers. In the field 
emission electron source, a typical applied voltage of 
several tens of volts causes electrons to start field 
10 emission from the tip of the cathode 5. The emitted 
electrons move toward an anode plate opposed to the p-type 
silicon substrate 1 while being accelerated. The anode 
plate is not shown in Figures 2(a) and 2(b). 

15 In this case, the emission amount of the electron 

flow emitted from the cathode 5 is not controlled by the 
fixed gate voltage Vex applied to the extraction electrode 7, 
but is controlled by the variable gate-to-source control 
voltage Vg applied to the gate electrode 8T of the FET 

20 connected to the cathode 5. In other words, the FET is 
operated in a constant current region by appropriately 
determining the gate-to-source control voltage Vg applied 
to the gate electrode 8T thereof. Thus , the emission amount 
of the electron flow field-emitted from the cathode 5 is 

25 determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 

30 emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
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an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 

Here, functions of the gate electrode 8T which has 
5 two or more different gate widths and which is provided in 
such a way as to cover the drain end region will be described 
in detail. 

A field- emitted electron flow is provided basically 
10 from a source of the FET. Since a channel region between 
the source and the drain has a high resistance, the drain 
potential is increased according to this electron flow 
emission amount, i.e. , channel current amount. In the case 
of a FET which is formed in a submicron process and operates 
15 at a power source voltage of around 3.5 V # assuming that 
the channel current is around one microampere, it has been 
experimentally found that the drain potential reaches 
several volts or more. Electrons which have been injected 
from the source are accelerated by a field in the channel 
20 generated by the drain potential, thereby being injected 
to the drain. 

However, a uniform channel field is not generated 
in the channel region, but a channel field is concentrated 

25 in the vicinity of the drain and on a surface of the silicon 
substrate. As a result, electrons running in the channel 
are affected by a high level of field existing in the vicinity 
of the drain to acquire a high level of energy (hot electrons ) . 
The higher energy the hot electrons have, the greater the 

30 field intensity in the vicinity of the drain. The high- 
energy hot electrons are likely to cause various problems 
such as an increase in threshold voltage for performing an 
ON/OFF control of the FET or a decrease in drain current. 



On the other hand, when the gate electrode 8T 
(so-called T-shaped gate structure) described in this 
example is provided in such a manner as to cover the drain 
end, it is possible to prevent the above-described hot 
electrons . 

As shown in Figure 2(b), one end of the gate 
electrode 8T is provided in such a manner as to cover the 
n-type semiconductor conductive portion 4 of the drain end 
region. For this reason, electrons injected from the source 
of the FET move along the channel formed under the gate 
electrode 8T. Therefore, an electron flow path is enlarged 
in the n-type conductive portion region described above. 
As a result, a drain current density is more significantly 
reduced in the drain end region of the gate electrode 8T 
than in other regions . The hot electron phenomenon depends 
on the drain current density as well as field intensity. 
Accordingly, the above -described result leads to an effect 
such that degradation of the FET performance due to the hot 
electrons is significantly reduced. 

Furthermore, the gate electrode structure having a 
plurality of gate widths (so-called T-shaped gate structure) 
described in this example has an effect in terms of the degree 
of freedom in design. 

The amount of a drain current flowing through the 
channel of a FET is determined depending on a parameter (W/L) 
of the width (W) and length (L) of the gate electrode. The 
width of the drain is inevitably determined by the scale 
of integration and arrangement of the whole element. It is 
often difficult to arbitrarily design the width (W) of the 
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gate electrode. However, the use of the T-shaped gate 
structure described in this example makes it possible to 
determine arbitrarily the element dimensions, i.e., width 
(W) and (L), using the remaining part of the gate after a 
5 part of the gate has been provided in such a manner as to 
cover the drain end region. For this reason, the degree of 
freedom for device design is improved. 

This effect removes the factor that the hot elec- 
10 trons degrade the FET performance, securing the degree of 
freedom for element design. A stable device operation can 
be guaranteed in a very stable manner and over a long time. 
Device reliability is thus significantly improved. 

15 Note that, in the description of this example, a 

tower shape is an example of the shape of the cathode 5. 
The same effects are obtained with a conventional cone- 
type cathode shape. Although the p-type silicon substrate 
is processed to form the cathode 5 in this example, a 

20 conventional metal material (having a high melting point, 
such as molybdenum and tungsten) or carbon material (diamond, 
graphite, diamond-like carbon etc.) may be used to obtain 
the same effects. 

25 (Example 3) 

Hereinafter, a structure of a field emission type 
electron source device according to Example 3 of this 
invention will be described with reference to Figure 3. 
Figure 3 is a cross-sectional view of the field emission 

30 type electron source device of this example. 

In the structure of this example, reference nu- 
meral 31 denotes a p-type silicon substrate; 32, a first 
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n-type semiconductor conductive portion which is a source 
region of an element operating as a field effect transistor 
(FET) ; 33, a second n-type semiconductor conductive portion 
with a high impurity concentration which is a drain region 
5 of the FET; 34, a third n-type semiconductor conductive 
portion with a low impurity concentration which is a drain 
region of the FET; 35 , a cathode operating as a field emission 
type electron source having a shape of a tower which is 
circular in cross section; 36, a lower insulating layer of 

10 silicon oxide film which functions as a gate insulating film 
of the FET; 37, an upper insulating layer of silicon oxide 
film which functions as an extraction electrode for the field 
emission type electron source; 38, an extraction electrode 
for operation of the field emission type electron source; 

15 39, a gate electrode for controlling the channel region of 
the FET; and 40, a source electrode for the FET. 

As shown in Figure 3, in the field emission type 
electron source device of this example, the n-type 

20 semiconductor conductive portion 32, serving as a source 
of the FET, and the second n-type semiconductor conductive 
portion 33, serving as a drain, are formed on a part of one 
major surface of the p-type silicon substrate 31. Further, 
the third n-type semiconductor conductive portion 34, 

25 having a low impurity concentration, is selectively formed 
at a position such that the portion 34 surrounds the 
circumference of the second n-type semiconductor conductive 
portion 33 . 

30 The cathode 35, having a shape of a tower which is 

circular in cross section, is formed on a surface of the 
n-type semiconductor conductive portion 33 which is a drain. 
A tip portion of the tower- shaped cathode 35 of silicon has 
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a micro tip structure portion being on the order of 
nanometers which is formed with a sharpening process using 
thermal oxidization. The conductive extraction elec- 
trode 38 is formed close to the cathode 35 via the lower 
5 and upper insulating films 36 and 37 made of silicon oxide 
film which has a circular opening. The gate electrode 39 
for the FET is formed on the lower insulating film 36 in 
such a manner to be buried in the upper insulating film 37 , 
and in a channel region which is positioned between the 

10 n-type semiconductor conductive portion 32 serving as a 
source and the n-type semiconductor conductive portions 33 
and 34 serving as a drain. The lower insulating film 36 is 
made of the thermal oxidization film which has been formed 
in the sharpening process of the cathode 35. Further, the 

15 source electrode 40 is formed via a contact window on the 
n-type semiconductor conductive portion 32 which is a 
source . 

The operation of the field emission type electron 
20 source device of this example having the above -described 
structure will be described below. 

The p-type silicon substrate 31 and the first n- 
type semiconductor conductive portion 32 are connected to 

25 the ground. A positive voltage Vex is applied to the 
extraction electrode 38. Further, a predetermined volt- 
age Vg is applied to the gate electrode 39 of the FET, so 
that a channel region under the gate electrode 39 is opened. 
In this state, electron carriers are ready to be injected 

30 from the source toward the drain. Preferably, the lower 
insulating film 36 has a good quality and is thin in order 
to reduce the threshold voltage of the FET. 
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In this state, the positive voltage Vex is applied 
to the extraction electrode 38. The field emission elec- 
tron source has a gate aperture diameter of the order of 
submicrons and a cathode tip portion of the order of 
nanometers. In the field emission electron source, a 
typical applied voltage of several tens of volts causes 
electrons to start field emission from the tip of the 
cathode 35. The emitted electrons move toward an anode 
plate opposed to the p-type silicon substrate 31 while being 
accelerated. The anode plate is not shown in Figure 3. 

In this case, the emission amount of the electron 
flow emitted from the cathode 35 is not controlled by the 
fixed gate voltage Vex applied to the extraction elec- 
trode 38, but is controlled by the variable gate-to-source 
control voltage Vg applied to the gate electrode 39 of the 
FET connected to the cathode 35. In other words, the FET 
is operated in a constant current region by appropriately 
determining the gate-to-source control voltage Vg applied 
to the gate electrode 39 thereof . Thus , the emission amount 
of the electron flow field-emitted from the cathode 35 is 
determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 
emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 
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Here, functions of the gate electrode 39 which is 
buried between the lower and upper insulating films 36 and 
37 will be described in detail. 

5 The lower insulating film 36 of this example mainly 

functions as a gate insulating film for the FET. The 
threshold voltage for switching ON /OFF the FET significantly 
depends on the thickness of the gate insulating film. To 
operate at a lower voltage, the lower insulating film 36 
10 needs to have a good quality and to be thin. On the other 
hand , a multilayer Film of the lower and upper insulating 

films 36 and 37 is used for the extraction electrode 38 for 
the field emission type electron source. Since a high 
voltage of several tens of volts is typically applied to 

15 the extraction electrode 38, a thick insulating film is 
required for the extraction electrode 38 in view of voltage 
proof. When the ON/OFF control of the field emission type 
electron source is carried out by applying a voltage to the 
extraction electrode 38, a thick insulating film is more 

20 advantageous in terms of operating speed or power 
consumption. 

Therefore, when a gate having the structure de- 
scribed in this example is used, a gate insulating film for 
25 a FET and an insulating film for a field emission type 
electron source are separately designed. This makes it easy 
to attempt to obtain a high-performance element. 

Moreover, the gate electrode 39 is buried with the 
30 upper insulating film 37, thereby making it easy to obtain 
a multilayer wiring structure which is generally used for 
LSI. The use of multilayer wiring makes it easy to obtain 
a wiring structure for driving a matrix with x and y 
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directions . The wiring structure cannot be obtained using 
monolayer wiring. 

Note that, in the description of this example, a 
5 tower shape is an example of the shape of the cathode 35. 
The same effects are obtained with a conventional cone- 
type cathode shape. Although the p-type silicon substrate 
is processed to form the cathode 35 in this example, a 
conventional metal material (having a high melting point, 
10 such as molybdenum and tungsten) or carbon material ( diamond, 
graphite, diamond-like carbon etc.) may be used to obtain 
the same effects. 

(Example 4) 

15 Hereinafter, a structure of a field emission type 

electron source device according to Example 4 of this 
invention will be described with reference to Figures 4(a) 
and 4(b). Figures 4(a) and 4(b) are cross -sectional and 
plan views of the field emission type electron source device 

20 of this example, respectively. Figure 4(a) shows a 
cross-sectional structure shown in Figure 4(b) taken along 
line I-I. 

In the structure of this example, reference nu- 
25 meral 41 denotes a p-type silicon substrate; 42, a first 
n-type semiconductor conductive portion which is a source 
region of an element operating as a field effect transistor 
(FET); 43, a second n-type semiconductor conductive portion 
with a high impurity concentration which is a drain region 
30 of the FET; 44, a third n-type semiconductor conductive 
portion with a low impurity concentration which is a drain 
region of the FET ; 45 , a cathode operating as a field emission 
type electron source having a shape of a tower which is 



- 37 - 



P20080 



circular in cross section; 46, a lower insulating layer of 
silicon oxide film which functions as a gate insulating film 
of the FET; 47, an upper insulating layer of silicon oxide 
film which functions as an extraction electrode for the field 
5 emission type electron source; 48, an extraction electrode 
for operation of the field emission type electron source; 
49, a gate electrode for controlling the channel region of 
the FET; 50, an electrode for shielding a channel region 
of the FET from an external field; and 51, a source electrode 
10 for the FET. 

As shown in Figures 4(a) and 4(b), in the field 
emission type electron source device of this example, the 
n-type semiconductor conductive portion 42, serving as a 

15 source of the FET, and the n-type semiconductor conductive 
portion 43, serving as a drain, are formed on a part of one 
major surface of the p-type silicon substrate 41. Further, 
the n-type semiconductor conductive portion 44, having a 
low impurity concentration, is selectively formed at a 

20 position such that the portion 44 surrounds the 
circumference of the n-type semiconductor conductive 
portion 43. The cathode 45, having a shape of a tower which 
is circular in cross section, is formed on a surface of the 
n-type semiconductor conductive portion 43 which is a drain . 

25 A tip portion of the tower-shaped cathode 45 of silicon has 
a micro tip structure portion being on the order of 
nanometers which is formed with a sharpening process using 
thermal oxidization. The conductive extraction elec- 
trode 48 is formed close to the cathode 45 via the lower 

30 and upper insulating films 46 and 47 made of silicon oxide 
film which has a circular opening. The gate electrode 49 
for the FET is formed on the lower insulating film 46 in 
such a manner to be buried in the upper insulating film 47. 
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in a channel region which is positioned between the n-type 
semiconductor conductive portion 42 serving as a source and 
the n-type semiconductor conductive portions 43 and 44 
serving as a drain. Further, the shield electrode 50 made 
5 of the same material as that of the gate electrode 49 is 
provided in such a manner as to cover the channel region 
of the FET in which the gate electrode 49 has not been formed. 
The lower insulating film 46 is made of the thermal 
oxidization film which has been formed in the sharpening 
10 process of the cathode 45. Further, the source elec- 
trode 51 is formed via a contact window on the n-type 
semiconductor conductive portion 42 which is a source. 

The operation of the field emission type electron 
15 source device of this example having the above -described 
structure will be described below. 

The p-type silicon substrate 41, the n-type semi- 
conductor conductive portion 42 which is a source, and the 

20 shield electrode 50 are connected to the ground. A positive 
voltage Vex is applied to the extraction electrode 48. 
Further, a predetermined voltage Vg is applied to the gate 
electrode 49 of the FET, so that a channel region under the 
gate electrode 49 is opened. In this state, electron 

25 carriers are ready to be injected from the source toward 
the drain. In this state, the positive voltage Vex is 
applied to the extraction electrode 48. The field emission 
electron source has a gate aperture diameter of the order 
of submicrons and a cathode tip portion of the order of 

30 nanometers. In the field emission electron source, a 
typical applied voltage of several tens of volts causes 
electrons to start field emission from the tip of the 
cathode 45. The emitted electrons move toward an anode 
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plate opposed to the p-type silicon substrate 41 while being 
accelerated. The anode plate is not shown in the figures. 

In this case, the emission amount of the electron 
5 flow emitted from the cathode 45 is not controlled by the 
fixed gate voltage Vex applied to the extraction elec- 
trode 48, but is controlled by the variable gate-to-source 
control voltage Vg applied to the gate electrode 49 of the 
FET connected to. the cathode 45. In other words, the FET 
10 is operated in a constant current region by appropriately 
determining the gate -to -source control voltage Vg applied 
to the gate electrode 49 thereof. Thus, the emission amount 
of the electron flow field-emitted from the cathode 45 is 
determined by a characteristic of the FET which is connected 
15 in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 
emission electron flow amount of the FET. In particular, 
20 when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 

25 

Here, functions of the shield electrode 50 will be 
described in detail. 

When the above-described field emission type 
30 electron source is operated in predetermined vacuum 
atmosphere, electrons field emitted from the cathode 45 
collide with gas molecules remaining in the vacuum 
atmosphere, thereby ionizing the molecules. This ioniza- 
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tion depends on the degree of vacuum, the type and 
concentration of the remaining molecules, the intensity of 
an external field for accelerating electrons, the density 
of field-emitted electrons (emission current amount) and 
5 the like used in the operation. Of the generated ions, 
positively charged ions (positive ions) are guided toward 
the substrate by an applied field, i.e. , a direction opposite 
to that of electrons . The silicon substrate 41 is irradiated 
by the positive ions . The element structure described in 

10 this example has a most -upper surface covered with the upper 
insulating film 47. When the upper insulating film 47 is 
continuously irradiated by the positive ions in a given 
density or more, the upper insulating film 47 is positively 
charged in a gradual manner, thereby generating a posi- 

15 tively- charged voltage. 

If the shield electrode 50 is not formed on a FET, 
the following problems arise. 

20 When the charged voltage generated on an upper 

portion of the channel region of the FET by the ion 
irradiation z exceeds the operating voltage of the FET, 
misoperation is induced. In addition to the drain current 
normally controlled, an additional drain current flows due 

25 to the charge voltage, resulting in loss of the current 
control characteristic of the FET. 

On the other hand, as described in this example, the 
channel region is covered with the shield electrode 50 
30 having the same potential as that of the substrate. For this 
reason, even when the charge voltage is generated, the shield 
effect blocks influence of a field on the channel region, 
thereby preventing an change in a characteristic of the FET. 
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It is believed that an actual panel requires 
emission operation in vacuum atmosphere having a low level 
of 10" s Torr. In this case, the above -described influence 
5 of the ion irradiation is likely to increase. 
Notwithstanding the use of the shield electrode prevents 
an change in a characteristic of the FET, thereby obtaining 
long-term stable emission operation. Device reliability is 
thus significantly improved. 

10 

Note that, in the description of this example, a 
tower shape is an example of the shape of the cathode 45. 
The same effects are obtained with a conventional cone- 
type cathode shape. Although the p-type silicon substrate 
15 is processed to form the cathode 45 in this example, a 
conventional metal material (having a high melting point, 
such as molybdenum and tungsten ) or carbon material ( diamond, 
graphite, diamond-like carbon etc.) may be used to obtain 
the same effects. 

20 

( Example 5 ) 

Hereinafter, a structure of a field emission type 
electron source device according to Example 5 of this 
invention will be described with reference to Figures 5(a) 
25 and 5(b). Figures 5(a) and 5(b) are cross -sectional and 
plan views of the field emission type electron source device 
of this example, respectively. Figure 5(a) shows a 
cross-sectional structure shown in Figure 5(b) taken along 
line I-I. 

30 

In the structure of this example, reference nu- 
meral 51 denotes a p-type silicon substrate; 52, a first 
n-type semiconductor conductive portion which is a source 
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region of an element operating as a field effect transistor 
(FET) ; 53, a second n-type semiconductor conductive portion 
with a high impurity concentration which is a drain region 
of the FET; 54. a cathode operating as a field emission type 
5 electron source having a shape of a tower which is circular 
in cross section; 55, a first insulating layer of silicon 
oxide film which mainly functions as a gate insulating film 
of the FET; 56, a second insulating layer of silicon oxide 
film which mainly functions as an insulating film for an 
10 extraction electrode for the field emission type electron 
source; 57, a gate electrode for controlling the channel 
region of the FET; 58, a source electrode for the FET; and 
59, an extraction electrode for the cathode. 

15 As shown in Figures 5(a) and 5(b), in the field 

emission type electron source device of this example, the 
first n-type semiconductor conductive portion 52, serving 
as a source of the FET, and the second n-type semiconductor 
conductive portion 53, serving as a drain, are formed on 

20 a part of one major surface of the p-type silicon sub- 
strate 51. The second n-type semiconductor conductive 
portion 53 is formed in such a manner the first n-type 
semiconductor conductive portion 52 surrounds the 
circumference of the second n-type semiconductor conductive 

25 portion 53. 

Further, the gate electrode 57 is buried between the 
first insulating layer 55 and the second insulating layer 56 , 
and is provided above at least a part of a surface of the 
30 channel region of the FET positioned between the first n-type 
semiconductor conductive portion 52 serving as a source and 
the second n-type semiconductor conductive portion 53 
serving as a drain. Further, the source electrode 58 is 
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formed via a contact window on the first n-type semiconductor 
conductive portion 52. 

The cathode 54 having a shape of a tower which is 
5 circular in cross section is formed on a surface of the second 
n-type semiconductor conductive portion 53 which is a drain. 
A tip portion of the tower- shaped cathode 54 of silicon has 
a micro tip structure portion being on the order of 
nanometers which is formed with a sharpening process using 
10 thermal oxidization. The extraction electrode 59 having a 
given opening diameter is provided around the cathode 54 
and on the second insulating layer 56 for applying a field 
for electron emission. 

15 The operation of the field emission type electron 

source device of this example having the above- described 
structure will be described below. 

The p-type silicon substrate 51 and the first n- 
20 type semiconductor conductive portion 52 which is a source 
are connected to the ground. A positive voltage Vex is 
applied to the extraction electrode 59. Further, a 
predetermined voltage Vg is applied to the gate electrode 57 
of the FET, so that a channel region under the gate 
25 electrode 57 is opened. In this state, electron carriers 
are ready to be injected from the source toward the drain. 
In this state, the positive voltage Vex is applied to the 
extraction electrode 59. Here Vex and Vg are set to satisfy 
Vg<Vex. The field emission electron source has a gate 
30 opening diameter of the order of submicrons and a cathode 
tip portion of the order of nanometers. In the field 
emission electron source, a typical applied voltage of 
several tens of volts causes electrons to start field 
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emission from the tip of the cathode 54. The emitted 
electrons move toward an anode plate opposed to the p-type 
silicon substrate 51 while being accelerated. The anode 
plate is not shown in the figures. 

In this case, the emission amount of the electron 
flow emitted from the cathode 54 is not controlled by the 
fixed gate voltage Vex applied to the extraction elec- 
trode 59, but is controlled by the variable gate-to-source 
control voltage Vg applied to the gate electrode 57 of the 
FET connected to the cathode 54. In other words, the FET 
is operated in a constant current region by appropriately 
determining the gate-to- source control voltage Vg applied 
to the gate electrode 57 thereof. Thus, the emission amount 
of the electron flow field-emitted from the cathode 54 is 
determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 
emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 

Here, arrangement of the source and drain which are 
features of this example will be described in detail. 

A feature of the drain structure of this example is 
an island structure where the outer portion thereof is 
surrounded by the source region and the channel region. 
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Further, the gate electrode, which controls the operation 
of the FET, is provided symmetrically around the cathode 
of the field emission electron source portion. The use of 
this arrangement allows uniform injection of carriers from 
the source region into the drain region. 

As to a drain in a typical structure, carriers are 
injected into the drain via part of the boundary thereof, 
the part contacting with the channel region. In this case, 
the injected carriers are diffused in the drain and reach 
the cathode of the field emission electron source portion. 
Therefore, the concentration of the carriers is likely to 
vary depending on the position of the drain. On the other 
hand, such a problem does not arise in the above -described 
structure of this example. 

In the foregoing, a single cathode is formed in the 
drain. Typically, several hundreds of cathodes are formed 
in the drain per pixel ( mult i- emitter structure) when the 
field emission electron source is used for pixels of an FED. 
When the carrier density varies in the drain, the amount 
of electrons emitted from the cathode is likely to vary 
depending on the position of the cathode . In this invention , 
carriers are injected uniformly and symmetrically through 
the gate electrode provided symmetrically with respect to 
the drain in which the cathode is formed, thereby preventing 
variation in electron emission in the drain. 

Further, the extraction electrode of this invention 
effectively controls the beam path of emitted electrons as 
well as the electron emission amount. 



A relationship between voltage Vg applied to the 
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gate electrode of the FET and extraction voltage Vex for 
operating the cathode is predetermined to an optimal 
condition while satisfying Vg<Vex. Accordingly, emitted 
electrons are affected by a field of Vg in vacuum and are 
5 then converged. This is because the potential of Vg which 
is lower than Vex generates a field which causes convergence 
of electrons moving from the cathode toward an anode opposed 
to the cathode. In particular, the gate electrode provided 
symmetrically with respect to the cathode generates a 
10 convergence field symmetrical with respect to the electron 
path, thereby obtaining a satisfactory lens action which 
is not available in the conventional example. 

The gate electrode 57 causing the convergence 
15 action is provided as a wire buried between the first 
insulating layer 55 and the second insulating layer 56, and 
is positioned lower than the extraction electrode 59 . 
Because of this relative arrangement, even when voltage Vg 
that is relatively lower than voltage Vex is applied, the 
20 cathode 54 is not affected by the gate electrode 57. 

In the conventional structure, an improved 
convergence function leads to a decreased electron emission 
amount. The structure of this invention can provide 
25 sufficient convergence while keeping an electron emission 
amount . 

As described above, in the structure of this example, 
variation in electron emission in a drain is prevented, and 
30 the symmetrically disposed gate electrode allows beam 
convergence. Therefore, extremely stable emitter opera- 
tion having a small beam spread, i.e., high density, can 
be guaranteed. It is thus believed that this satisfactory 
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field emission electron source is suitable for high 
definition display. 

Note that, in the description of this example, a 
5 tower shape is an example of the shape of the cathode 54. 
The same effects are obtained with a conventional cone- 
type cathode shape. Although the p-type silicon substrate 
is processed to form the cathode 54 in this example, a 
conventional metal material (having a high melting point, 
10 such as molybdenum and tungsten ) or carbon material ( diamond , 
graphite, diamond-like carbon etc.) may be used to obtain 
the same effects. 

S 

^= (Example 6) 

„~~ 15 Hereinafter, a structure of a field emission type 

-_- electron source device according to Example 6 of this 

J" invention will be described with reference to Figures 6(a) 

« and 6(b). Figures 6(a) and 6(b) are cross-sectional and 

*T plan views of the field emission type electron source device 

V 20 of this example, respectively. Figure 6(a) shows a 

S cross -sectional structure shown in Figure 6(b) taken along 

M line I-I. 

In the structure of this example, reference nu- 
25 meral 61 denotes a p-type silicon substrate; 62, an n-type 
semiconductor conductive portion which is a source region 
of an element operating as a field effect transistor (FET) ; 
63, a cathode operating as a field emission type electron 
source having a shape of a tower which is circular in cross 
30 section; 64, a first insulating layer of silicon oxide film 
which mainly functions as a gate insulating film of the FET; 
65, a second insulating layer of silicon oxide film which 
mainly functions as an insulating film for an extraction 
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electrode for the field emission type electron source; 66, 
a gate electrode for controlling the channel region for FET; 
67, a source electrode for the FET; and 68, an extraction 
electrode for the cathode. 

5 

As shown in Figures 6(a) and 6(b), in the field 
emission type electron source device of this example, a field 
emission electron source portion which includes the first 
n-type semiconductor conductive portion 62 serving as a 

10 source of the FET, the cathode 63 and the extraction 
electrode 68 are formed on a part of one major surface of 
the p-type silicon substrate 61. The field emission 
electron source portion is formed in such a manner the n-type 
semiconductor conductive portion 62 surrounds the 

15 circumference of the field emission electron source portion . 

Further, the gate electrode 66 is provided above at 
least a part of a surface of the channel region of the FET 
positioned between the n-type semiconductor conductive 

20 portion 62 serving as a source and the field emission 
electron source. The gate electrode 66 is formed as a wire 
which is buried between the first and second insulating 
layers 64 and 65. The gate electrode 66 is symmetrical with 
respect to the cathode 63. The gate electrode 66 controls 

25 a current via the first insulating layer 64. Further, the 
source electrode 67 is formed via a contact window on the 
n-type semiconductor conductive portion 62 which is a 
source . 

30 The cathode 63, having a shape of a tower which is 

circular in cross section, is formed on a surface of the 
silicon substrate 61, which is a drain region, inside the 
n-type semiconductor conductive portion 62, which is a 
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source. A tip portion of the tower-shaped cathode 63 of 
silicon has a micro tip structure portion being on the order 
of nanometers which is formed with a sharpening process using 
thermal oxidization. The extraction electrode 68 having a 
given opening diameter is provided around the cathode 63 
and on the second insulating layer 65 for applying a field 
for electron emission. 

The operation of the field emission type electron 
source device of this example having the above -described 
structure will be described below. 

The p-type silicon substrate 61 and the n-type 
semiconductor conductive portion 62 , which is a source, are 
connected to the ground. A positive voltage Vex is applied 
to the extraction electrode 68. Further, a predetermined 
voltage Vg is applied to the gate electrode 66 of the FET, 
so that a channel region under the gate electrode 66 is 
opened. In this state, electron carriers are ready to be 
injected from the source toward the drain. In this state, 
the positive voltage Vex is applied to the extraction 
electrode 68. Here Vex and Vg are set to satisfy Vg<Vex. 
The positive voltage applied to the extraction electrode 
forms a depletion layer in a surface portion of the p-type 
silicon substrate under the extraction electrode. When 
voltage Vg is sufficiently high, an n-type inversion layer 
is formed in a surface of the depletion layer, which 
functions as a conduction layer for electron carriers . As 
a result, electrons injected from the channel region are 
guided in a emitter direction via the formed n-type inversion 
layer. As a result, a given applied voltage Vex allows a 
similar transistor operation even when the n-type 
semiconductor conductive portion is not formed in the drain. 
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The field emission electron source has a given gate 
aperture diameter of the order of submicrons and a cathode 
tip portion of the order of nanometers . In the field 
emission electron source, a typical applied voltage of 
several tens of volts causes electrons to start field 
emission from the tip of the cathode 63. The emitted 
electrons move toward an anode plate opposed to the p-type 
silicon substrate 61 while being accelerated. The anode 
plate is not shown in the figures. 

In this case, the emission amount of the electron 
flow emitted from the cathode 63 is not controlled by the 
fixed gate voltage Vex applied to the extraction elec- 
trode 68, but is controlled by the variable gate- to- source 
control voltage Vg applied to the gate electrode 66 of the 
FET connected to the cathode 63. In other words, the FET 
is operated in a constant current region by appropriately 
determining the gate- to- source control voltage Vg applied 
to the gate electrode 66 thereof . Thus , the emission amount 
of the electron flow field- emitted from the cathode 63 is 
determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 
Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 
emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 
factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 
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Here, arrangement of the source and drain which are 
features of this example will be described in detail. 

A feature of the field emission electron source 
5 portion of this example is an island structure where the 
outer portion thereof is surrounded by the source region 
and the channel region. Further, the gate electrode which 
controls the operation of the FET is provided symmetrically 
around the cathode of the field emission electron source 
10 portion. The use of this arrangement allows uniform 
injection of carriers from the source region into the n-type 
Q inversion layer region generated under the extraction 

«p electrode. As to a drain in a typical structure, carriers 

fy are injected into the drain via part of the boundary thereof, 

L;= 15 the part contacting with the channel region. In this case, 

L, the injected carriers are diffused in the drain and reach 

the cathode of the field emission electron source portion. 
&* Therefore, the concentration of the carriers is liJcely to 

^ vary depending on the position of the drain. On the other 

20 hand, such a problem does not arise in the above -described 
C structure of this example. 

In the foregoing, a single cathode is formed in the 
n-type inversion layer region functioning as a drain. 
25 Typically, several hundreds of cathodes are formed in the 
drain per pixel ( mult i- emitter structure) when the field 
emission electron source is used for pixels of an FED. 

When the carrier density varies in the drain, the 
30 amount of electrons emitted from the cathode is likely to 
vary depending on the position of the cathode. In this 
invention, carriers are injected uniformly and 
symmetrically through the gate electrode provided 
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symmetrically with respect to the n-type inversion layer 
region in which the cathode is formed, thereby preventing 
variation in electron emission in the n-type inversion layer 
region . 

5 

Further, the extraction electrode of this invention 
effectively controls the beam path of emitted electrons as 
well as the electron emission amount. A relationship 
between voltage Vg applied to the gate electrode of the FET 

10 and extraction voltage Vex for operating the cathode is 
predetermined to an optimal condition while satisfying 
Vg<Vex. Accordingly, emitted electrons are affected by a 
field of Vg in vacuum and are then converged. This is because 
the potential of Vg which is lower than Vex generates a field 

15 which causes convergence of electrons moving from the 
cathode toward an anode opposed to the cathode. In 
particular, the gate electrode provided symmetrically with 
respect to the cathode generates a focus field which is 
symmetrical with respect the electron path, thereby 

20 obtaining a satisfactory lens action which is not available 
in the conventional example. 

The gate electrode 66 causing the convergence 
action is provided as a wire buried between the first 

25 insulating layer 64 and the second insulating layer 65, and 
is positioned lower than the extraction electrode 68. 
Because of this relative arrangement , even when applied 
voltage Vg is relatively lower than voltage Vex, the 
cathode 63 is not affected by the gate electrode 66. In the 

30 conventional structure, an enhanced convergence function 
leads to a decrease in an electron emission amount. The 
structure of this invention can provide sufficient 
convergence while keeping an electron emission amount. 
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As described above, in the structure of this example, 
variation in electron emission in the n-type inversion 
region functioning as a drain is prevented, and the 
5 symmetrically disposed gate electrode allows beam 
convergence. Therefore, extremely stable emitter opera- 
tion having a small beam spread, i.e., high density, can 
be quranteed. It is thus believed that this satisfactory 
field emission electron source is suitable for high 
10 definition display. 

™ Note that, in the description of this example, a 

i= : tower shape is an example of the shape of the cathode 63. 

jj* The same effects are obtained with a conventional cone- 

1T: 15 type cathode shape. Although the p-type silicon substrate 

W is processed to form the cathode 63 in this example, a 

7" conventional metal material (having a high melting point, 

§=• such as molybdenum and tungsten) or carbon material (diamond, 

5r = graphite, diamond- like carbon etc.) may be used to obtain 

Si 20 the same effects. 

O 
O 

(Example 7) 

Hereinafter, a structure of a field emission type 
electron source device according to Example 7 of this 

25 invention will be described with reference to Figures 7(a) 
and 7(b). Figures 7(a) and 7(b) are cross-sectional and 
plan views of the field emission type electron source device 
of this example, respectively. Figure 7(a) shows a 
cross -sectional structure shown in Figure 7(b) taken along 

30 line I-I. 



In the structure of this example, reference nu- 
meral 71 denotes a p-type silicon substrate; 72, a first 
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n-type semiconductor conductive portion which is a source 
region of an element operating as a field effect transistor 
(FET) ; 73, a second n-type semiconductor conductive portion 
which is a drain region of the FET and has a high impurity 
5 concentration; 74, a cathode operating as a field emission 
type electron source having a shape of a tower which is 
circular in cross section; 75, a first insulating layer of 
silicon oxide film which mainly functions as a gate 
insulating film of the FET; 76, a second insulating layer 
10 of silicon oxide film which mainly functions as an insulating 
film for extraction electrode for the field emission type 
% electron source; 77, a gate electrode for the FET to control 

CP a channel region; 78, a source electrode for the FET; and 

\y. 79, an extraction electrode for the cathode. 

\: 15 

^ As shown in Figures 7(a) and 7(b), in the field 

s ! emission type electron source device of this example, the 

r= first n-type semiconductor conductive portion 72 serving 

as a source of the FET and the second n-type semiconductor 
%J 20 conductive portion 73 serving as a drain, are formed on a 

™ part of one major surface of the p-type silicon substrate 71 . 

The second n-type semiconductor conductive portion 73 is 
formed in such a manner that the first n-type semiconductor 
conductive portion 72 surrounds the circumference of the 
25 second n-type semiconductor conductive portion 73. 

The inner portion of the first n-type semiconductor 
conductive portion 72, serving as a source, and the outer 
portion of the second n-type semiconductor conductive 
30 portion 73, serving as a drain, each have a shape of 
concentric circles. The channel region of the FET is 
positioned between the above-described source region and 
the above- described drain region. The channel region has 
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a shape of a ring. The gate electrode 77 having a shape of 
a ring is buried between the first insulating layer 75 and 
the second insulating layer 76 in such a manner as to cover 
the ring-shaped channel. 

The source electrode 78 is formed via a contact 
window on the n-type semiconductor conductive portion 72 
which is a source. 

The cathode 74 , having a shape of a tower which is 
circular in cross section, is formed on a surface of the 
second n-type semiconductor conductive portion 73, which 
is a drain. A tip portion of the tower-shaped cathode 74 
of silicon has a micro tip structure portion being on the 
order of nanometers which is formed with a sharpening process 
using thermal oxidization. The extraction electrode 79, 
having a given opening diameter, is provided around the 
cathode 74 and on the second insulating layer 76 for 
applying a field for electron emission. 

The operation of the field emission type electron 
source device of this example having the above-described 
structure will be described below. 

The p-type silicon substrate 71 and the first n- 
type semiconductor conductive portion 72 which is a source 
region are connected to the ground. A positive voltage Vex 
is applied to the extraction electrode 79. Further, a 
predetermined voltage Vg is applied to the gate electrode 77 
of the FET, so that a channel region under the gate 
electrode 77 is opened. In this state, electron carriers 
are ready to be injected from the source toward the drain. 
In this state, the positive voltage Vex is applied to the 
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extraction electrode 79. Here Vex and Vg are set to satisfy 
Vg<Vex. The field emission electron source has a gate 
aperture diameter of the order of submicrons and a cathode 
tip portion of the order of nanometers . In the field 
5 emission electron source, a typical applied voltage of 
several tens of volts causes electrons to start field 
emission from the tip of the cathode 74. The emitted 
electrons move toward an anode plate opposed to the p-type 
silicon substrate 71 while being accelerated. The anode 
10 plate is not shown in the figures . 

In this case, the emission amount of the electron 
flow emitted from the cathode 74 is not controlled by the 
fixed gate voltage Vex applied to the extraction elec- 

15 trode 79, but is controlled by the variable gate- to- source 
control voltage Vg applied to the gate electrode 77 of the 
FET connected to the cathode 74. In other words, the FET 
is operated in a constant current region by appropriately 
determining the gate-to- source control voltage Vg applied 

20 to the gate electrode 77 thereof. Thus , the emission amount 
of the electron flow field-emitted from the cathode 74 is 
determined by a characteristic of the FET which is connected 
in series to the emitter and which has a function of supplying 
electrons, which are to be emitted, into the emitter. 

25 Therefore, optimization of the FET design allows 
predetermination of the operating conditions and field 
emission electron flow amount of the FET. In particular, 
when the field emission is performed in the saturated 
operating region of the FET, the field emission is free from 

30 factors of instability of the emitter itself. As a result, 
an extremely stable and accurately controlled field emission 
electron flow amount can be obtained. 
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Here, arrangement of the ring-shaped gate elec- 
trode 77, which is a feature of this example, will be 
described in detail. 

A feature of the drain structure of this example is 
an island structure where the outer portion thereof is 
surrounded by the source region and the channel region. 
Further, the gate electrode which controls the operation 
of the FET is provided in a shape of a ring symmetrically 
around the cathode of the field emission electron source 
portion. The use of this arrangement allows uniform 
injection of carriers from the source region into the drain 
region . 

As to a drain in a typical structure, carriers are 
injected into the drain via part of the boundary thereof, 
the part contacting with the channel region. In this case, 
the injected carriers are diffused in the drain and reach 
the cathode of the field emission electron source portion. 
Therefore, the concentration of the carriers is likely to 
vary depending on the position of the drain. 

In the structure of this example, a single cathode 
is formed in the drain. Typically, several hundreds of 
cathodes are formed in the drain per pixel ( mult i- emitter 
structure) when the field emission electron source is used 
for pixels of an FED. When the carrier density varies in 
the drain, the amount of electrons emitted from the cathode 
is likely to vary depending on the position of the cathode. 
In this invention, carriers are injected uniformly and 
symmetrically through the gate electrode provided 
symmetrically with respect to the drain in which the cathode 
is formed, thereby preventing variation in electron emission 
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in the drain . 



Further, the extraction electrode of this invention 
effectively controls the beam path of emitted electrons as 
well as the electron emission amount. A relationship 
between voltage Vg applied to the gate electrode of the FET 
and extraction voltage Vex for operating the cathode is 
predetermined to an optimal condition while satisfying 
Vg<Vex. Accordingly, emitted electrons are affected by a 
field of Vg in vacuum and are then converged. This is because 
the potential of Vg which is lower than Vex generates a field 
which causes convergence of electrons moving from the 
cathode toward an anode opposed to the cathode. The gate 
electrode provided in a shape of a ring symmetrically with 
respect to the cathode generates a convergence field which 
is perfectly symmetrical with respect to the electron path, 
thereby obtaining a satisfactory lens action which is not 
available in the conventional example. 

The gate electrode 77 causing the convergence 
action is provided as a wire buried between the first 
insulating layer 75 and the second insulating layer 76, and 
is positioned lower than the extraction electrode 79. 
Because of this relative arrangement, even when applied 
voltage Vg is relatively lower than voltage Vex, the 
cathode 74 is not affected by the gate electrode 77. In the 
conventional structure, an enhanced convergence function 
leads to a decrease in an electron emission amount. The 
structure of this invention can provide sufficient 
convergence while keeping an electron emission amount. 



As described above, in this example, variation in 
electron emission in the drain is prevented, and the 
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symmetrically disposed and ring-shaped gate electrode 
allows beam convergence. Therefore, extremely stable 
emitter operation having a small beam spread, i.e., high 
density, can be guaranteed. The structure thus obtained is 
5 thus believed to function as a satisfactory field emission 
electron source which is suitable for high definition 
display. 

Note that, in the description of this example, a 
10 tower shape is an example of the shape of the cathode 74. 
The same effects are obtained with a conventional cone- 
type cathode shape. Although the p-type silicon substrate 
is processed to form the cathode 74 in this example, a 
conventional metal material (having a high melting point, 
15 such as molybdenum and tungsten ) or carbon material ( diamond, 
graphite, diamond-like carbon etc.) may be used to obtain 
the same effects. 

It should be noted that the features of this 
20 invention in the above -described examples may be 
appropriately combined to construct an actual field emission 
type electron source device. 

INDUSTRIAL APPLICABILITY 

25 

As described above, the field emission type electron 
source device according to this invention includes the drain 
end of the FET which includes a well having a low impurity 
concentration. For this reason, concentration of fields in 
30 the vicinity of the drain in operation of the FET can be 
significantly reduced. As a result, it is possible to 
prevent degradation of the FET performance which is 
conventionally caused by the hot electrons or the like. 
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Therefore , reliability of device operation can be 
significantly improved, thereby providing advantages. 

The utilization of a difference in thermal diffusion 
speed between impurity elements allows easy formation of 
a structure including a structure including a plurality of 
wells having different impurity concentrations, thereby 
providing advantages . 

Further, when phosphorous which has a fast thermal 
diffusion speed and arsenic which has a slow thermal 
diffusion speed, both being used in a semiconductor process , 
are used as the impurity elements, it is possible to form 
an impurity profile having an excellent controllability, 
thereby providing advantages. 

When a part of the channel gate of the FET is provided 
in such a manner as to cover the drain end region, the drain 
current density is decreased. As a result, it is possible 
to prevent degradation of FET performance due to the hot 
electrons , thereby providing advantages . 

The transistor gate insulating film for the FET can 
be thin, and the insulating film for the field emission type 
electron source can be thick, thereby improving device 
performance. Moreover, the channel gate electrode is 
buried in the insulating film, so that the multilayer wiring 
can be easily provided. This is also suitable for a wiring 
for matrix drive. 

When silicon thermal oxidization film is used as the 
gate insulating film, the control of the FET has an excellent 
controllability and a high level of reliability. 
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When the channel region of the FET other than the 
channel gate region is covered with the shield electrode, 
influences of an external field of ion charges in electron 
5 emission can be blocked. 



Further, when the shield electrode is held at the 
same potential as the potential of the substrate, the shield 
effect against the external field can be enhanced. 

10 

When the gate electrode for control of the FET is 
provided symmetrically around the drain, uniform injection 
of electrons from the source to the drain can be obtained. 
Therefore, the uniformity of electron emission can be 
15 improved. In addition, when the gate electrode is posi- 
tioned lower than the extraction electrode, the beam path 
is allowed to converge without a decrease in the field 
emission amount. 

20 The use of the inversion layer generated by the 

extraction electrode allows the same function as that of 
the n-type semiconductor conductive layer, thereby 
simplifying a manufacturing process. 

25 When the inner portion of the source and the outer 

portion of the drain each have a shape of a concentric 
circular, uniform injection of carriers from the source to 
the drain can be obtained. Therefore, a satisfactory 
character of a transistor can be obtained. 



When the gate electrode of the FET is a shape of a 
ring symmetrical around the drain, convergence of the 
electron path can be secured. 
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When voltage Vg applied to the gate electrode and 
voltage Vex applied to the extraction electrode has a 
relationship such that Vg<Vex, a negative field action is 
caused for electrons emitted from the cathode. Therefore, 
convergence of the electron path can be secured. 



